The aim of this work was to develop and study a fast "one-pot" procedure for the production of glycyrrhetinic acid (GLA) from the roots of licorice (Glycyrrhiza glabra L.) using subcritical water (SBW). Technique requires no use expensive and toxic organic solvents. For the first time the new method was used for the production of glycyrrhetinic acid (aglycone of glycyrrhizic acid) by "one-pot" technique. HPLC was used to determine the quantitative compositions of the obtained products. It has been shown that variation of only one parameter of the process (temperature) allows alteration of composition of the products obtained by new "one-pot" technique. The "one-pot" procedure developed for the production of GLA in SBW is faster (12 folds) than conventional methods that use expensive and toxic organic solvents. The proposed procedure has the excellent potential for the future development of the fast and low cost technologies for the production of GLA and its derivatives in the pharmaceutical, food and cosmetic industries.
Licorice (Glycyrrhiza glabra L) is a well-known medicinal herb that grows in various parts of the world, and is one of the oldest and widely used herbs known both in western and eastern countries for several thousand years [1, 2] . One of the major pharmacological ingredients of licorice is glycyrrhizic acid (GA), a pentacyclic triterpenoid from the β-amyrin series [2] . Triterpenoids are structurally related to the steroid hormones and widely studied by synthetic chemists and pharmacologists [3, 4] . Glycyrrhizic acid and its derivatives have a wide range of pharmacological activities. [5] [6] [7] . The aglycon of GA, glycyrrhetinic acid (GLA) is widely used in the market. Numerous recent studies have demonstrated the significant potential of GLA and its derivatives for the development of new generation of drugs [2] . The substances, synthesized on the base GLA, demonstrate a wide range of pharmacological activity such as antiviral, anti-inflammatory, anti-oxidant, antiulcer, anticancer, and anti-HIV. In this regard, there is considerable interest in the development of diverse techniques for the production of GLA from the natural plants or from GA and its derivatives. GLA is conventionally synthesized by the hydrolysis (Figure 1 ) of an extract of either glycyrrhizinic acid or its salts in the presence of mineral acids. It was shown that the composition of by-products also depends on the applied solvent [8] . Because the acid hydrolysis of β-GA and its salt could lead to chemical conversion of the aglycon (into 18α-glycyrrhetinic acid) and cleavage of the disaccharide fragment of the molecule, preparation of GLA using enzymatic hydrolysis of GA was suggested. It should be noted that conventional acid hydrolysis of GA requires 4-16 h, and the enzymatic hydrolysis takes 144 h [9] . Thus, conventional methods of hydrolysis require significant time costs. Along with this, purification is needed of the hydrolysis products.
The alternative to the conventional methods of using acids to catalyze hydrolysis is to perform the reaction in subcritical water [10] . In recent years, subcritical water has been used as a cheap, environmentally friendly solvent for extraction, synthetic transformations and the recycling of different organic wastes, for example, agricultural production processing wastes [11] . The reactions in the medium of SBW has been attracting much attention because of the fascinating physical and chemical characteristics of water near its critical point. In these conditions (from 100°C to 373°C) water exhibits a much lower dielectric constant and a much larger ion product. The ion product or dissociation constant is about 3 orders of magnitude higher near the critical point (in the temperature range from 220-270°C) than it is for ambient liquid water. Under these conditions, there is a high H 3 O + and OH − ion concentration. As such, some acid-catalyzed organic reactions can be carried out without addition of acids. However, the ion product decreases greatly above the critical point. This fact makes subcritical water an ideal reaction medium for the hydrolysis of organic compounds.
On the other hand, in recent years, with the tightening of environmental legislation, within the framework of the concept of "Green chemistry" [12] there has been an avalanche growth of the number of studies devoted to the development of "one-pot" procedures [13] . In the "one-pot" chemistry, synthesis is a strategy for increasing the efficiency of a chemical reaction, in which the reagent is subjected to sequential chemical reactions in only one reactor. This approach is very attractive, because it avoids a long process of separation and purification of intermediate chemical compounds, saves time and resources and often increases the chemical yield.
It is naturally interesting to apply the "one-pot" strategy for numerous tasks related to the extraction and transformation of the secondary plant metabolites. The subsequent implementation ofsuch a strategy in the form of technologies could open up the prospect for the future development of low-cost and environmentally friendly productions for the pharmaceutical, food and cosmetic industries.
Recent results of the authors [14] on the synthesis of GLA from the ammonium glycyrrhizinate demonstrated the possibility of using the SBW to produce GLA without the use of acids and toxic solvents.
The aim of this work was to develop and study the new fast "onestep" technique for the preparation GLA starting from the roots of 824 Natural Product Communications Vol. 13 (7) 2018 Lekar et al. licorice (Glycyrrhiza glabra L.) using of the SBW-medium. In contrast to the conventional method (Way 1, Figure 1 ), based on the extraction of GA from roots (stage 1) and the following hydrolysis of the obtained extract (stage 2), this work proposes to perform both the extraction and hydrolysis in one vessel (Way 2, Figure 1 ) using of the SBW as the medium at moderate temperatures and pressures. The proposed "one-pot" procedure avoids the use of expensive, and sometimes toxic organic solvents.
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In addition, the proposed method completely excludes the separate procedures for extraction and purification of the obtained extract before the hydrolysis procedure of GA. This ensures substantial reduction in time and material costs.
In accordance with the objectives of this study, products containing GLA were obtained from the roots of licorice using two different schemes ( Figure 1 ). The Way 1 corresponds to a traditional twostep process for the preparation of GLA. Process involves: stage 1 -the conventional extraction of GA, using 70% ethanol, and stage 2 -hydrolysis of the obtained extract using HCl as a catalyst. The Way 2 is based on a "one-pot" technique for producing GLA using SBW. The obtained target products were analyzed by HPLC for determining the content of GA and GLA.
At the first stage, the amount of GA and GLA in the sample was determined using conventional extraction. Extraction of GA from licorice roots was performed both using traditional techniques -by boiling 70% EtOH solution with the addition of 2% NH 4 OH, and using SBW (Figure 2 ). It was found that the maximum yield of GA from 1 g of licorice roots in an amount of 50.8 mg was achieved traditional extraction in 70% EtOH for 4 hours of total time.
As possible schemes for the production of GA from the roots of licorice, both variations of traditional techniques and the use of SBW have been studied. At the same time, the use of the modified extraction technique in the SBW (at 120°C with addition of 1% NH 4 OH) shows a comparable yield of GA -48.5 mg for 1 hour of total time.
At the next stage, the yields of GLA were studied using the "onepot" technique in the SBW-medium. Our previous studies [14] showed that the conversion of GA to GLA using the SBW-medium was the most complete in the temperature range from 180 to 220°C [14] . Therefore, the temperature dependence of the yield of GA and GLA, after treatment of the licorice roots in the medium of the SBW, was studied in this temperature range. The GA and GLA composition of the products obtained by traditional extraction, starting with licorice roots was also studied. Dependence of the amount of GA and GLA in products obtained from the roots of licorice in SBW (without any acids additives) in the temperature range from 120°C to 250°C demonstrates an increase in the yield of GLA (from 0.6 to 17.1 mg/g) with increasing temperature to 200°C is accompanied by a decrease in the yield of GA in this temperature range. The decrease in the amount of GA, as was shown earlier [14] , is caused by hydrolysis processes in which the SBW is a catalyst. A further increase in temperature led to a decrease in the yield of GLA. Analysis of the obtained data showed that at temperatures of 200-210°C the yield of GLA from the licorice roots was the highest, but lower than that theoretically calculated. The maximum possible yield of GLA (with a two-step traditional procedure) from 50.8 mg of GA should be 28.6 mg. At a temperature of 230°C, traces of GA were no detected by HPLC neither in sediment nor in solution. Consequently, the hydrolysis of the GA was complete, and a decrease in the yield of GLA at temperatures above 210°C could be due to the thermal destruction of GLA. It can be assumed that an increase in temperature above 210°C leads to a significant decrease in the yield of GLA due to its thermal destruction. The obtained results are in agreement with the previous data recorded in the study of hydrolysis of GA to GLA in a medium of SBW [14] . These data allow us to choose a temperature of 200°C as the temperature at which the effect of the thermal decomposition of GLA on its yield is negligible. However, since the dissociation constant of the SBW reaches its maximum at higher temperatures (between 220 and 270°C), the acidity of the SBW at 200°C is insufficient for complete hydrolysis of glycyrrhizic acid. Thus, at temperatures above + 200°C, there are two competing processes: hydrolysis of the GA, which produces GLA and the thermal degradation of the obtained GLA. Therefore, it is reasonable to try to achieve an increase in GLA yield by using the catalytic acid additives. To determine the effect of trace amounts of acids, the dependence of yield of GLA obtained from the licorice roots on the concentration of sulfuric acid (H 2 SO 4 ) and the processing time (in the time interval from 10 to 60 min) was studied. The data on the yields of GA and GLA from licorice roots under the different processing conditions are shown in Figure 2 .
As can be seen from Figure 2 , the use of trace amounts of acid, in the proposed "one-pot" procedure, gives an amount of GLA comparable to the yield of GLA obtained by using conventional techniques. The maximum yield of GLA after hydrolysis of 50.8 mg GA should be 28.6 mg. In the "one-pot" treatment of roots in the SBW medium at 210 ° C with addition of 2% H 2 SO 4 , yield of the GLA (for t = 60 min) was 22.6 mg, which is 80% of the maximum possible yield. At the same time, temporary (from 12 hours to 1 hour) and material costs decreased significantly. An important advantage of the proposed procedure, free from the use of toxic organic solvents, is that it allows the final products to be produced "One-pot" procedure for the production of glycyrrhetinic acid Natural Product Communications Vol. 13 (7) 2018 825 in the sufficiently clean state. It is characteristic that the use of the "one-pot" technique in the environment medium of the SBW without acid additives (SBW 200°C, H 2 O, t = 60 min) allows achieved of a good yield of GLA -17.1 mg, which is 60% of the maximum possible.
Thus, for the first time for the production of glycyrrhetinic acid (GLA) from the roots of licorice Glycyrrhiza glabra L., a new environmentally friendly "one-pot" technique using a subcritical water medium was developed.
The proposed technique for obtaining GLA avoids the use of expensive and often toxic, organic solvents and does not require separate extraction and hydrolysis procedures. Good yields of the target GLA are achieved in a time 12 folds shorter than those required by traditional procedures.
The proposed methodology has the potential for the future development of inexpensive and environmentally friendly technologies for the production of GLA and its derivatives in the pharmaceutical, food and cosmetic industries.
Experimental
Chemicals and instrumentation methods: Acetonitrile (HPLC grade) were purchased from Merck (Germany). sulfuric acid, hydrochloric acid were purchased from JSC "Vekton" (Russia). General experimental procedures: HPLC analysis was performed using an Agilent 1200 LC system, including a quaternary pump, a temperature controlled column compartment, an auto sampler and a diode array detector. A ZORBAX SB reverse-phase column C 18 150 × 2.1 mm, 3.5 μm, was used for HPLC analysis. The mobile phase composition was as follows: CH 3 CN: 0.01 N H 2 SO 4 , 55:45 (v/v, %); column temperature 30°C; mobile phase flow rate 0.14 mL/min; UV-detector wavelengths: 254, 280, 320 nm; chromatography time 50 min; sample's volume 0.5 μL. The quantitative determination of GA and GLA in the products obtained from licorice root was carried out by the method of absolute calibration.
Conventional preparation of GLA:
The conventional way for preparation of 18β-glycyrrhetinic acid from licorice roots included two basic steps. The step 1 involves the procedure the obtain of glycyrrhizic acid from the licorice roots via extraction with using the organic solvents and subsequent purification. The step 2 involves the procedure of hydrolysis of the obtained glycyrrhizic acid to release the glycyrrhetinic acid using the organic solvents and the mineral acids and subsequent purification. The extraction of glycyrrhizic acid from the Licorice roots included the several stages. 1.0 g sample of the dry the licorice roots (particle size 0.5-1.0 mm) was boiled four times under reflux. At the first stage, the dry roots was boiled with hexane 30 ml for 120 min. At the next three stages of 25 mL 2% NH 4 OH в 70% aqueous solution of ethanol was boiled for 120 min. The obtained extracts were filtered, combined, and analyzed by HPLC.
The hydrolysis of glycyrrhizic acid from the Licorice roots was performed using hydrochloric acid. A sample of 0.4 g of extract is was dissolved in 4 mL of hot distilled water (60°C) with frequent stirring, and 0.7 mLof concentrated hydrochloric acid (density 1.179) is added. The hydrolysis is carried out for 4 h at 100°C. At the end of the hydrolysis, the obtained precipitate is filtered through paper and washed with distilled water to a neutral pH and then dissolved in 80% ethanol. The aqueous-ethanolic solution was dried at 80°C for 2-3 h.
The "one-pot" way for preparation of GLA: The "one pot" way for preparation of GLA from the roots of licorice by subcritical water, development in this paper, included the one single step: the treatment of the roots of licorice using the medium of SBW. The treatment's procedure of the roots of licorice by subcritical water was performed using self-made reactor (autoclave). [11] The reactor has inner volume 10 mL. The roots of licorice (0.1 g) was put into self-made stainless steel reactor. The reactor was filled with 7 mL of water for experiment (or 0.25-2 % the solution sulfuric acid). The reactor was hermetically closed and put into a drying oven, where it was kept at a certain temperature (accuracy ±1°C) for 30-60 min. After that, the reactor was cooled down to room temperature (15 min) in a tank filled with cold water. Its content was quantitatively transferred into a paper filter, filtered and washed with distilled water and after that washed with 80% EtOH until the color disappears. The aliquots of the obtained solution were diluted to the concentration required for analysis by HPLC.
Supplementary data: The typical chromatograms of the obtained products ( Figure 1S , Figure 2S ) are available as Supporting information.
